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(54) Storage battery voltage control apparatus 

(57) Eight storage battery cells 1 1 1 to 1 1 s making 
up a storage battery cell group 2 can be connected 
selectively to a voltage-correcting storage battery 12 
through nine cell change-over switches 13 n to 13 9 , four 
polarity-inverting switches 14 1 to 14 4 and a current-lim- 
iting resistor 15. When the voltages of two or more of 
the storage battery cells 11j to 11 8 are different, the 
voltages of each of the storage battery cells 1 1 ^ to 11 8 
can be equalized by then transferring the charge from a 




storage battery cell high in voltage to the voltage-cor- 
recting storage battery 12 and by transferring the 
charge of that voltage-correcting storage battery 1 2 to a 
storage battery cell low in voltage. As a result, the volt- 
age difference due to the performance variations 
among the individual storage battery cells 11j to 11 8 
can be obviated thereby to increase the working voltage 
range of the storage battery cell group 2 as a whole. 



FIG.2 



H- HVOLTAGE SAMPLING CIRCUfTM 





Primed by Xercw (UK) Business Services 
2.15.12/3.4 



1 



EP0828 304A2 



2 



Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

The present invention relates to a storage battery 
voltage control apparatus for equalizing the voltage of 
each of a plurality of series-connected cells of a storage 
battery. 10 

2. Description of the Related Art 

A hybrid vehicle equipped with an internal combus- 
tion engine and an electric motor as driving power 15 
sources is known which comprises a storage battery 
including a plurality of series-connected storage battery 
cells as a power supply for driving the motor as dis- 
closed in JP-A-7-163014. 

In this storage battery, the performance variations 20 
(including those of capacitance, self-discharge current 
and internal resistance) causes an uneven voltage of 
each storage battery cell, sometimes resulting in the 
fact that a storage battery cell high in voltage reaches a 
maximum voltage (i.e., cannot be charged any higher) 2$ 
earlier than others at the time of charging, thus narrow- 
ing the working voltage range of the storage battery as 
a whole or reducing the durability thereof. In view of this, 
the above-mentioned conventional storage battery 
adopts such means as connecting a zener diode to a 30 
storage battery cell which reaches the maximum volt- 
age early or connecting a resistor or a capacitor to a 
storage battery cell likely to reach a maximum voltage 
thereby to suppress the voltage increase thereof. 

The apparatus described in JP-A-7-163014, how- 35 
ever, is intended to equalize the voltage of each storage 
battery cell when the storage battery is fully charged 
and that apparatus cannot exhibit the desired effect 
thereof when used continuously at an intermediate volt- 
age. Also, since the performance difference between 40 
the individual storage battery cells are not compensated 
for, the working voltage range may be narrowed by a 
voltage difference which may develop among the stor- 
age battery cells during a long-time operation. 

45 

SUMMARY OF THE INVENTION 

The present invention has been developed in view 
of this situation, and the object thereof is to obviate the 
voltage differences due to the performance variations so 
among the individual storage battery cells and thereby 
to increase the working voltage range while improving 
the durability of the storage battery as a whole. 

In order to achieve the above-mentioned object, 
according to a first feature of the present invention, 55 
there is proposed a storage battery voltage control 
apparatus for equaling the voltage of each of a plurality 
of series-connected storage battery cells of a storage 



battery cell group, comprising a voltage-correcting stor- 
age battery connected in parallel with each storage bat- 
tery cell, storage battery cell selection means for 
selecting a giv n storage battery cell, switching means 
constituting a circuit for moving the charge between a 
selected storage battery cell and a voltage-correcting 
storage battery, and control means for controlling the 
switching operation of the switching means. 

With the above-mentioned configuration, the 
charge can be moved between the storage battery cells 
thereby to equalize the voltages thereof and thereby to 
prevent a specific storage battery cell from reaching the 
maximum voltage earlier than others at the time of 
charging. As a result, the working voltage range of a 
storage battery cell group can be widened while at the 
same time extending the life of the storage battery cell 
group as a whole. 

Also, according to a second feature of the present 
invention, there is proposed a voltage control apparatus 
for a storage battery in which, in addition to the above- 
mentioned first feature, the storage battery cell group is 
configured of an electric double layer storage battery. 

With this configuration, a large capacity can be 
secured even when the storage battery cell group is 
reduced in size and thus a power system high in energy 
density can be constructed. 

Also, according to a third feature of the present 
invention, there is proposed a voltage control apparatus 
for a storage battery in which, in addition to the above- 
mentioned first feature, the value of the electrostatic 
capacitance of the voltage-correcting storage battery is 
small as compared with the electrostatic capacitance of 
the storage battery cells. 

With the above-mentioned configuration, the volt- 
age across the voltage-correcting storage battery can 
be increased within a short time by the charge from the 
storage battery cells and the voltage of each storage 
battery cell can be rapidly equalized. 

Also, according to a fourth feature of the present 
invention, there is provided a voltage control apparatus 
for a storage battery in which, in addition to the above- 
mentioned first feature, the storage battery cell selec- 
tion means selects the storage battery cells in the 
descending order of voltage. 

With this configuration, the maximum voltage differ- 
ence among a plurality of storage battery cells in a stor- 
age battery cell group can be rapidly reduced thereby to 
equalize the voltage of the each storage battery cell. 

Also, according to a fifth feature of the present 
invention, there is proposed a voltage control apparatus 
for a storage battery in which, in addition to the above- 
mentioned first feature, the control means operates the 
switching means thereby to control the time and the 
period of connecting a storage battery cell and the volt- 
age-correcting storage battery. 

With this configuration, the voltage of each storage 
battery cell can be controlled arbitrarily. 

Also, according to a sixth feature of the present 
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invention, there is proposed a voltage control apparatus 
for a storage battery in which, in addition to the above- 
mentioned first feature, a plurality of storage battery cell 
groups are connected in series, and a first voltage-cor- 
recting storage battery connected to each of the storage 5 
battery cell groups is selectively connected to a second 
voltage-correcting storage battery. 

With this configuration, the time required for equali- 
zation can be shortened as compared with the case in 
which the voltage across all the storage battery cells is 
equalized by the first voltage-correcting storage battery 
alone. In addition, the voltage across each of the first 
voltage-correcting storage batteries is equalized by the 
second voltage-correcting storage battery, thereby fur- 
ther shortening the time required for equalizing all the 
storage battery cells. 

Also, according to a seventh feature of the present 
invention, there is proposed a voltage control apparatus 
for a storage battery in which, in addition to the above- 
mentioned first feature, a plurality of storage battery cell 
groups are connected in series and the voltage-correct- 
ing storage battery connected to each storage battery 
cell group is selectively connected to the storage battery 
cells of the storage battery cell groups associated there- 
with or any one of the storage battery cells of another 
storage battery cell group. 

With this configuration, the time required for equali- 
zation can be shortened as compared to a configuration 
where the voltage across all the cells is equalized by 
only one voltage-correcting storage battery and, in addi- 
tion, as compared to the above described sixth feature, 
one less voltage-correcting storage battery is required. 

Also, according to an eighth feature of the present 
invention, there is proposed a voltage control apparatus 
for a storage battery of a hybrid vehicle comprising a 
motor and an engine as driving power sources, in 
which, in addition to the above-mentioned first feature, 
the storage battery cell group stores the electric power 
generated by a generator and drives the motor. 

With this configuration, the electric power gener- 
ated by the generator can be stored in the storage bat- 
tery cell group and effectively utilized for driving the 
motor. Particularly, in the case where this power source 
is used concurrently with a battery, a precise energy 
absorption and storage for regeneration can be satisfac- 
torily carried out. Also, when the battery is fully charged, 
energy can be distributive^ stored among the storage 
battery cell groups. In addition, since the storage bat- 
tery cell group has a high output density as compared 
with the battery, the vehicle can be reduced in weight. 

The above and other objects, features and advan- 
tages of the present invention will become apparent by 
the detailed description of the preferred embodiments 
taken in conjunction with the accompanying drawings 
below. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a control syst m 
in which the present invention is applied to a hybrid 
vehicle; 

FIG. 2 is a circuit diagram of a voltage control circuit 
according to a first embodiment of the present 
invention; 

FIGS. 3A and 3B are diagrams for explaining the 
transfer of the charge; 

FIG. 4 is a flowchart for explaining the operation; 

FIGS. 5A and 5B are diagrams for explaining the 

maximum connection time; 

FIG. 6 is a graph for explaining the effects; 

FIG. 7 is a circuit diagram showing a voltage control 

circuit according to a second embodiment of the 

present invention; and 

FIG. 8 is a circuit diagram of a voltage control circuit 
according to a third embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A first embodiment of the present invention will be 
explained with reference to FIGS. 1 to 6. 

As shown in FIG. 1 , a parallel-type hybrid vehicle V 
comprises an internal combustion engine E, an electric 
motor M capable of driving and regeneration, and a 
transmission T. The motor M is cormectecf to a storage 
battery cell group 2 through a motor drive circuit 1 . The 
storage battery cell group 2 is conf igured of cell groups 
of a compact storage battery of the electric double layer 
type capable of producing a large capacitance. When 
the vehicle V is running, the driving force of the engine 
E and/or the motor M is transmitted through the trans- 
mission T to driving wheels W. Also, in the case where 
an extraneous driving force is generated in the engine E 
or a braking force is applied to the vehicle, the motor M 
is regeneratively braked, and the electric power gener- 
ated by the motor M is stored in the storage battery cell 
group 2. 

A management control unit 3 is connected to a 
motor control unit 4, an engine control unit 5 and a 
transmission control unit 6. The motor drive circuit 1 is 
controlled by the motor control unit 4, the engine E is 
controlled by the engine control unit 5, and the transmis- 
sion M is controlled by the transmission control unit 6. 
The storage battery cell group 2 is controlled by a stor- 
age battery cell voltage control unit 7 described in detail 
later. 

The motor drive circuit 1 and the storage battery 
cell group 2 are connected through a 12-V (volt) down- 
flow type converter 8 to a 12-V battery 9 for accesso- 
ries. The storage battery cell group 2 and the battery 9 
for accessories are controlled by a charge control unit 
10. 

In this way, th storage battery cell gr up 2 drives 
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the motor M by storing the electric power generated by 
the motor M, and therefore the extraneous driving force 
of the engine E and the driving force which otherwise 
might be wasted by the braking can be stored in the 
storage battery cell group 2 and can be effectively uti- 5 
lized for driving the motor M. Also, the use of the storage 
battery cell group 2 higher in output density than a con- 
ventional battery can reduce the weight of the vehicle V. 

As shown in FIG. 2, the storage battery cell group 2 
includes, for example, eight storage battery cells 1 1 ^ to w 
1 1 s of the same specification connected in series. The 
electrostatic capacitance value of each of the storage 
battery cells 11 t to 11 8 is set to, say, 1600 farad. The 
storage battery cell voltage control unit 7 includes a volt- 
age-correcting storage battery 12, nine cell change- is 
over switches 13-( to 13g, four polarity-inverting switches 
14 1 to 14 4 and a current-limiting resistor 15. When pre- 
determined two of the nine cell change-over switches 
13! to 13 9 and predetermined two of the four polarity- 
inverting switches 14 n to 14 4 are closed, a predeter- 20 
mined one of the storage battery cells 11 1 to 11 8 and 
the voltage-correcting storage battery 12 are connected 
to each other through a closed circuit 16 (see FIGS. 3 A 
and 3B for two examples). The electrostatic capacitance 
value of the voltage-correcting storage battery 1 2 is set 25 
to a value (say, 100 farad) not more than 10% of 1600 
farad providing the electrostatic capacitance value of 
each of the storage battery cells 1 1 1 to 1 1 8 . 

As shown in FIG. 3 A, when the two cell change- 
over switches 13 1t 132 and the two polarity-inverting 30 
switches 142, 14 3 are closed, for example, the positive 
electrode of the storage battery cell 1 1 j and the positive 
electrode of the voltage-correcting storage battery 12 
are connected to each other, while at the same time the 
negative electrode of the storage battery cell 1 1 1 and 35 
the negative electrode of the voltage-correcting storage 
battery 12 are connected to each other through the cur- 
rent-limiting resistor 15. When the two cell change-over 
switches 132, 13 3 and the two polarity-inverting 
switches 14 1t 14 4 are dosed, as shown in FIG. 3B, on 40 
the other hand, the positive electrode of the storage bat- 
tery cell 11 2 and the positive electrode of the voltage- 
correcting storage battery 12 are connected to each 
other through the current-limiting resistor 15. while at 
the same time the negative electrode of the storage bat- 45 
tery cell 1 1 2 and the negative electrode of the voltage- 
correcting storage battery 12 are connected to each 
other. Similarly, each of the other storage battery cells 
1 1 3 to 1 1 8 may be selectively connected to the voltage- 
correcting storage battery 12. so 

The storage battery cell voltage control unit 7 fur- 
ther includes a voltage sampling circuit 17, a storage 
battery cell selection means 18, a connection time and 
period determining means 19 and a switch drive circuit 
20. The voltage sampling circuit 1 7 detects the voltage 55 
across the eight storage battery cells 11 ^ to 1 1 8 and the 
voltage across the voltage-correcting storage battery 
12. The storage battery cell selection means 18 selects 



the eight storage battery cells 11 ^ to 11 8 in the 
descending order of voltage on the basis of the voltage 
detected above. The connection time and period deter- 
mining means 19 determines the time during which and 
the cycle in which the selected storage battery cells 1 1 ^ 
to 1 1 8 are connected to the voltage-correcting storage 
battery 12. The switch drive circuit 20 controls the 
switching operation of the cell change-over switches 13-j 
to 13g and the polarity-inverting switches 14 1 to 14 4 on 
the basis of the storage battery cells 1 1 1 to 1 1 8 selected 
in the manner described above and the connection time 
and the period determined as described above. 

Next, the operation of an embodiment - of the 
present invention having the above-mentioned configu- 
ration will be explained. 

FIG. 4 is a flowchart for explaining the operation in 
the case where the storage battery cell group 2 includes 
only a minimum number of storage battery cells, i.e., 
two storage battery cells 11 1( 11 2 although it will be 
understood that the procedure is equally applicable to a 
storage battery cell group 2 with more than two cells. 
First, the voltage sampling circuit 17 samples the volt- 
age across the two storage battery cells 1 1 1 , 1 1 2 (step 
S1), and on the basis of the result of this sampling, the 
storage battery cell selection means 18 selects a stor- 
age battery cell having a maximum voltage (say, the 
storage battery cell 11^ (step S2). Once the storage 
battery cell 11 n is selected, as shown in FIG. 3 A, the 
switch drive circuit 20 closes the two cell change-over 
switches 13 1p 13 2 and the two polarity-inverting 
switches 14a, 14 3 (step S3). As a result, the charge 
transfers from the storage battery cell 1 ^ through the 
current-limiting resistor 15 to the voltage-correcting 
storage battery 12, so that the voltage across the dis- 
charging storage battery cell 11-| drops while the volt- 
age across the charging voltage-correcting storage 
battery 12 increases. After the lapse of a connection 
time ti determined by the connection time and period 
determining means 19 (step S4), the switch drive circuit 
20 opens the two cell change-over switches 13 1t 13 2 
and the two polarity-inverting switches 142, 14 3 thereby 
to separate the storage battery cell 11 j from the volt- 
age-correcting storage battery 12 (step S5). 

When the charge transfers from the storage battery 
cell 11 1 to the voltage-correcting storage battery 12, the 
voltage across the voltage-correcting storage battery 12 
increases rapidly since the electrostatic capacitance 
value (100 farad) of the vortage-correcting storage bat- 
tery 12 is considerably smaller than the electrostatic 
capacitance value (1600 farad) of the storage battery 
ceil 11 v As a result, the equalization of the voltage 
across each of the storage battery cells 1 1 1, 1 1 2 can be 
accomplished within a short time. 

Then, once the storage battery cell selection 
means 18 selects the storage battery cell having the 
next- highest voftage (i.e., the storage battery cell 1 1 2 ) 
(step S6), as shown in FIG. 3B, the switch drive circuit 
20 closes the two cell change-over switches 13 2 . 133 
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and the two polarity-inverting switches 14 lf 14 4 (step 

57) . As a result, the charge transfers from the voltage- 
correcting storage battery 12 through the current-limit- 
ing resistor 15 to the storage battery cell 1 1 2 , so that the 
voltage across the discharging voltage-correcting stor- 5 
age battery 12 drops while at the same time the voltage 
across the charging storage battery cell 11 2 increases. 
After the lapse of a connection time t 2 determined by the 
connection time and period determining means 1 9 (step 

58) , the switch drive circuit 20 opens the two cell w 
change-over switches 13 2 , 133 and the two polarity- 
inverting switches 1 4 1 , 1 4 4 thereby to separate the stor- 
age battery cell 1 1 2 from the voltage-correcting storage 
battery 12 (step S8). 

By doing so, the charge transfers from the storage w 
battery cell 1 1 j higher in voltage to the storage battery 
cell 1 1 2 lower in voltage, so that the voltage across the 
storage battery cell 1 1 ^ drops while the voltage across 
the storage battery cell 1 1 2 increases, thereby making it 
possible to equalize the voltages across the two storage 20 
battery cells 11 1( 11 2 

Now, when the charge transfers through a current- 
limiting resistor having a resistance value R from a first 
storage battery having an electrostatic capacitance Cn 
and a terminal voltage Vcn to a second storage battery 25 
having an electrostatic capacitance Cf (in the condition 
Cn » Cf) and a terminal voltage Vcf (in the condition 
Vcn > Vcf), as shown in FIG. 5A, assume that the termi- 
nal voltage of the second storage battery has changed 
from Vcf to the desired charge voltage of Vcft after the 30 
lapse of t seconds from the start of charge transfer. In 
the process, assuming that the voltage difference 
between the first storage battery and the second stor- 
age battery before starting the charge transfer is 
AV o (= Vcn - Vcf) and the voltage difference upon the 35 
lapse of t seconds after the start of charge transfer is 
AVt (= Vcft - Vcf) , then the relation holds that 

t = Cf x R x Ln (1 - AVt/AV 0 ) 

40 

In this equation, t represents the time taken for the volt- 
age across the second storage battery to rise from Vcf 
to the desired charge voltage Vcft after the start of 
charge transfer, and this time is defined as the maxi- 
mum connection time. 45 

When the storage battery is neither charging nor 
discharging, on the other hand, assume that the maxi- 
mum connection time t per storage battery cell is 10 
seconds. Suppose the storage battery has N (= 100) 
storage cells, for example. It takes 1000 (= 10 x 100) so 
seconds for each of the 100 storage battery cells to 
complete one charge transfer, thereby making it difficult 
to equalize the voltages of each storage battery cell 
within a short time. If the connection time per storage 
battery cell is set to t/N and the N storage battery cells ss 
are sequentially connected within th maximum con- 
nection time t as one cycle, then the charge can be sub- 
stantially uniformly transferred from the N storage 



battery cells within a short time. 

Also, while the storage battery is charging or dis- 
charging, each storage battery cell is required to be 
connected at suff icierrtly short time intervals to prevent 
the terminal voltage Vcn of the storage battery cells 
from changing. In the case where Vcn changes at the 
rate of 0.1 volt/sec in the connected state, for example, 
the rate of Vcn change per storage battery cell can be 
controlled to 0.001 V as long as the connection time per 
storage battery cell is set to 1/N (= 1/100) seconds. 

By changing the period of connecting each of the 
storage battery cells 1 1 1 to 1 1 8 to the voltage-correcting 
storage battery 12 by the connection time and period 
determining means 19 in this way, the voltage across 
each of the storage battery ceils 1 1 1 to 11 8 can be arbi- 
trarily controlled. 

FIG. 6 shows the result of an experiment conducted 
for the storage battery cell group 2 having the two stor- 
age battery cells 1 1 1( 1 1 2 shown in FIGS. 3A and 3B, in 
which the charge has been transferred in cycles of 25 
seconds from the initial voltage Vc 1 of 2.6 volts across 
the storage battery cell 1 1 1 and the initial voltage Vc 2 of 
2.3 volts across the storage battery cell 11 2 . As is 
apparent from this diagram, the voltage difference 
which initially stood at 0.3 volt dropped to 0.1 volt about 
ten minutes later and to about zero after twenty-two 
minutes. It is thus seen that the voltages across the two 
storage battery cells 1 1 1 . 1 1 2 have been equalized. 

As described above, the voltage across each of the 
storage battery cells 1 1 1 to 1 1 8 is equalized by charge 
transfer between the eight storage battery cells 1 ^ to 
1 1 8 of the storage battery cell group 2, and thus each of 
the storage battery cells 11 1 to 11 8 can be prevented 
from reaching the maximum voltage earlier than the oth- 
ers at the time of charging. The working voltage range 
of the storage battery cell group 2 as a whole can thus 
be enlarged while at the same time lengthening the life 
thereof. 

Next, a second embodiment of the present inven- 
tion will be explained wfth reference to FIG. 7. 

The second embodiment is such that a plurality of 
storage battery cell groups 2 are connected in series. 
Like in the first embodiment, the storage battery cell 
groups 2 each include a voltage-correcting storage bat- 
tery 12 (a first voltage-correcting storage battery 12). A 
plurality of the voltage-correcting storage batteries 12 
are connected alternately to a common secondvoltage- 
correcting battery 21. In this way, by connecting in 
series a plurality of the storage battery cell groups 2 
each having the voltage-correcting storage battery 12, 
the number of the storage battery cells sharing a single 
voltage-correcting storage battery 12 can be sup- 
pressed to a predetermined number (say eight) even 
when a multiplicity of the storage battery cells are used 
for producing a high voltage, thereby making it possible 
to shorten the time required for equalizing the voltage 
across each of all the storage battery cells. Further, in 
view of the fact that each of the voltage-correcting stor- 
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age batteries 12 is connected selectively to the second 
voltage-correcting storage battery 21, the voltage 
across each of the voltage-correcting storage batteries 
12 can be equalized by the second voltage-correcting 
storage battery 21 thereby to further shorten the time 5 
required for voltage equalization of all the storage bat- 
tery cells. 

Next a third embodiment of the present invention 
will be explained with reference to FIG. 8. 

In the third embodiment like in the second embod- w 
iment, a plurality of storage battery cell groups 2 are 
connected in series. The voltage-correcting storage bat- 
tery 12 for each storage battery cell group 2 is con- 
nected selectively to eight storage battery cells 11., to 
1 1 8 of the storage battery cell group 2 associated there- 75 
with or to a storage battery cell (say the storage battery 
cell 11^ of an adjacent storage battery cell group 2. 
Consequently the number of the storage battery cells 
sharing a single voltage-correcting storage battery 12 
can be suppressed to 9. In this way, not only can the 20 
time required for voltage equalization be shortened but 
also the voltage across each of the voltage-correcting 
storage batteries 12 can be equalized by an exchange 
of the charge with the storage battery cell 11 t of the 
adjacent storage battery cell group 2, thereby further 25 
shortening the time required for equalizing the voltage 
across each cell of all the storage battery cells. 

Embodiments of the present invention were 
described in detail above. The present invention, how- 
ever, can be modified in design variously within the 30 
scope without departing from the spirit thereof. 

Although the storage battery cell group 2 in the 
embodiments described above comprises eight storage 
battery cells 1 1 ^ to 1 1 8 . for example, the number is not 
limited to eight. Also, the invention is not confined to a 35 
hybrid vehicle but is applicable to storage batteries in 
other arbitrary fields as well. Further, the invention can 
be applied to a hybrid vehicle comprising a generator 
and a motor independent of each other. Furthermore, 
the storage battery cell group 2 and the battery can be 40 
combined, in which case the sharp energy absorption 
and power storage at the time of regeneration can be 
smoothly performed and the energy can be distributed 
and storage performed appropriately among the stor- 
age battery cell groups 2 when the battery is fully 45 
charged. 

Eight storage battery cells 1 1 , to 11 8 making -up a 
storage battery cell group 2 can be connected selec- 
tively to a voltage-correcting storage battery 12 through 
nine cell change-over switches 1 3-j to 1 3g, four polarity- so 
inverting switches 14! to 14 4 and a current-limiting 
resistor 15. When the voltages of two or more of the 
storage battery cells 1^ to 11 8 are different the volt- 
ages of each of the storage battery cells 1 1 1 to 1 1 8 can 
be equalized by then transferring the charge from a stor- 55 
age battery cell high in voltage t the voltage-correcting 
storage battery 12 and by transferring the charge of that 
voltage-correcting storage battery 12 to a storage bat- 



tery cell low in voltage. As a result, the voltage differ- 
ence due to the performance variations among the 
individual storage battery cells 11j to 11 8 can be obvi- 
ated thereby to increase the working voltage range of 
the storage battery cell group 2 as a whole. 

Claims 

1. A storage battery voltage control apparatus for 
equalizing the voltage of each of a plurality of 
series-connected storage battery cells of a storage 
battery cell group, comprising a voltage-correcting 
storage battery connected in parallel to each of said 
storage battery cells, storage battery cell selection 
means for selecting an arbitrary storage battery 
cell, switching means constituting a circuit for 
charge transfer between a selected storage battery 
cell and said voltage-correcting storage battery, and 
control means for controlling the switching opera- 
tion of said switching means. 

2. A voltage control apparatus for a storage battery 
according to claim 1, wherein said storage battery 
cell group constitutes a storage battery of electric 
double layer type. 

3. A voltage control apparatus for a storage battery 
according to claim 1, wherein the electrostatic 
capacitance value of said voltage-correcting stor- 
age battery is small compared with the electrostatic 
capacitance value of said storage battery cells. 

4. A voltage control apparatus for a storage battery 
according to claim 1, wherein said storage battery 
cell selection means selects said storage battery 
cells in the descending order of voltage. 

5. A voltage control apparatus for a storage battery 
according to claim 1, wherein said control means 
controls the connection time during which and the 
cycle in which said storage battery cells and said 
voltage-correcting storage battery are connected to 
each other, by operating said switching means. 

6. A voltage control apparatus for a storage battery 
according to claim 1 , wherein a plurality of said stor- 
age battery cell groups are connected in series and 
a first voltage-correcting storage battery connected 
to each said storage battery cell group is selectively 
connected to a second voltage-correcting storage 
battery. 

7. A voltage control apparatus for a storage battery 
according to claim 1 , wherein a plurality of said stor- 
age battery cell groups are connected in series, 
and said voltage-correcting storage battery con- 
nected to each said storage battery cell group is 
selectively connected to the storage battery cells 
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associated with said storage battery cell group or 
any one of the storage battery cells of another stor- 
age battery cell group. 

8. A voltage control apparatus according to claim 1 for 5 
a storage battery of a hybrid vehicle comprising an 
engine and a motor as a driving power source, 
wherein said storage battery cell group drives the 
motor by storing the electric power generated by a 
generator. w 

9. A voltage control apparatus for a storage battery 
according to claim 1, wherein the electrostatic 
capacitance value of said voltage-correcting stor- 
age battery is sufficiently small compared with the is 
electrostatic capacitance value of said storage bat- 
tery cells to cause a rapid charge transfer from said 
selected storage battery cell to said voltage-cor- 
recting storage battery. 

20 

10. A voltage control apparatus for a storage battery 
according to claim 1 , further comprising a voltage 
sampling circuit for determining the voltage of each 
said storage battery cell, and wherein said storage 
battery cell selection means selects said storage 25 
battery cells in a descending order of voltage. 

11. A voltage control apparatus for a storage battery 
according to claim 10, wherein said control means 
controls a connection time during which a cycle in 30 
which said storage battery cells and said voltage- 
correcting storage battery are connected to each 
other, by operating said switching means. 
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